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Section 1
INTRODUCTION AND SUMMARY

1.1 INTRODUCTION

The Passive Orbital Disconnect Strut (PODS) support system was developed under
contract NAS2-10848 (Refs. 1,2,3,4). Struts were analyzed, designed,
fabricated, and tested structurally and thermally. Tests on a single strut
included thermal conductance to helium temperature, thermal expansion data,
loads to thermally short out the strut, ultimate loads, evacuation rates, and
fatigue tests at liquid-nitrogen temperature. Load tests on a set of six
struts included axial and side-l1oad tests and the effect on strut shorting of
simulated asymmetric temperatures of the vacuum shell. Modal vibration tests
were performed at frequencies consistent with Space Transport System (STS)
qualification requirements and principal resonant modes of the strut system.

The major shortcoming of the PODS-III design is lack of side-load resistance
to thermal shorting. A conceptual PODS-IV design to increase this resistance
was previously described (Ref. 3). The objective of this program was to
further develop this design and build and structually test a PODS-IV support.
The test data were then compared to previous data and predicted performance to
verify the improvement in side-load resistance.

The PODS-IV support is the current selection for supporting the 1580-1
superfluid helium tank on the Gravity Probe-B program and the Lockheed
Superfluid Helium Independent Research Dewar. Other missions where the
PODS-IV supports may be used include SIRTF, LDR, OTVs, Space Station, and
other NASA and DoD missions.

1.2 SUMMARY

The objectives of this program were:



(1) to design structurally and thermally a mechanism to increase PODS
resistance to side loads

(2) to fabricate the mechanism and modify a PODS-III support into the
PODS-IV configuration

(3) to structurally test both the side-load mechanism and strut to
determine improvement in side-load resistance.

TASK 1 - DESIGN

A mechanism was designed to support the launch tube cold end against side
loads due to vapor-cooled shield shrinkage and MLI weight. The design
considered consists of a invar collar, a invar filament support ring, and
graphite filaments. The filament support ring is pressed onto the existing
PODS-III nut, and the collar is slid over the cold-end stem. The filaments
are wrapped around the collar and support ring tangs.

TASK 2 - FABRICATION

Four test specimens were assembled. The first was a nut/collar assembly
wrapped with 700-fiber filaments. The other specimens were constructed from a
PODS-III support built under contract NAS2-10848 modified to the PODS-IV

configuration using different bonding techniques on 700-fiber and 1000-fiber
filaments. (The 700-fiber filaments were hand separated from supplied

3000-fiber filaments, while the 1000-fiber filaments were used as supplied by
the manufacturer.) An assembly stand was constructed to wrap the filaments by

loading the filaments equally through a whiffle-tree arrangement of pulleys,
ball joints, and sliders.

TASK 3 - TESTING

Initial load tests were conducted on the nut/collar assembly as a function of
nut displacement with respect to the collar. These deflections were conducted
at 30-deg intervals around the nut circumference and ranged between £0.030 cm
(0.012 in.). One ultimate load test was conducted on the filaments at



liquid-nitrogen temperature. Side-load tests were conducted on the PODS-IV

_..support using the test apparatus built under NAS2-10848 for single struts.
Side loads were measured as a function of placement along the launch tube and
inclination angle of the strut. Placement side loads were also measured
around the support circumference to determine concentricity and uniformity in
filament side-load resistance. The results of these tests were compared to
PODS-I1II results (Ref. 3) and predicted values based on strut dimensions and

properties.



Section 2
PODS-IV DESIGN CONCEPT

Figure 2-1 presents the PODS-IV support concept. A minimum of six struts
(three pairs) is required to support a cryogen tank. (Six struts provide a
statically determinate support system in all axes.) As the tank diameter
changes due to cooldown or pressurization, the angled pinned-end struts are
free to move in and out as the tank moves up or down slightly a value of H. A
similar adjustment occurs automatically as the vacuum shell changes diameter
in orbit due to temperature changes.

For purposes of installation, the warmm end of the strut provides a length
adjustment feature. The threads on the rod-end fitting and length adjustment
are a different pitch; consequently, by rotating the adjustment hex, precise
Tength adjustments can be made during strut installation without rotating the

DISCONNECT MECHANISM
DIMENSIONS IN cm r )

ORBIT GRAPHITE/EPOXY TUBE

SPHERICAL ADJUSTMENT {2 15~deg WIND ANCLE)
BEARING, 0.8
ROD END FITTINGS |
g .- -!ﬁ 2.7
TA y fei--
et
LENCTH ADJUSTMENT LAUNCH BOOY LOAD BEARING
PER STRUT FIBERCLASS JEPOXY SURFACE (8.07¢-mm GAP)
EERSTRNT TUBE (2 16-deg WIND COMPRESSION
WEICHT - 0.60 kg ANGLE) LOAD BEARING
DESICN LOAD. 8000 N SURFACE
SHORTINC WEICHT : 177 kg IN =g (0.076-mm GAP)

I 5.1 |

Fig. 2-1 PODS-1V Support Concept



strut. This feature allows length adjustments after the vapor-cooled shields
are attached to the struts.

The cold end of the strut provides the passive orbital disconnect feature.
The cold rod end fitting/stem is connected to the body by a thin-wall
fiberglass or graphite/epoxy orbit tube and adjustment bushing. A collar is
slipped over the stem and is connected to the nut by fiberglass or graphite
filaments shown in Fig. 2-2. The collar is designed to have a 0.0025-cm
(0.001-in.) gap with the stem at ambient temperature. The conical stem
load-bearing surfaces are separated from the nut (tension) and body
(compression) by an axial gap of 0.0076 cn (0.003 in.) at operating
temperature. At ambient temperature, the gaps are set to take into account
the differential shrinkage between the various parts. During one-g thermal
test or orbital flight, the conical surfaces are prevented from touching by
this spacing and the filaments. Consequently, heat is transferred from the
body to the cold rod end fitting/stem subassembly by radiation and by
conduction along the orbit tube and filaments.

MODIFIED INVAR NUT INVAR COLLAR
0.001 STEM CLEARANCE

STEM GRAPHITE FILAMENTS

SECTION A-A FILAMENT REF.

Fig. 2-2 PODS IV Modification Concept
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During launch, the g-load e1ast%éa11y deforms thé.orbit tube along its axis;
the conical shoulder of the stem rests hard on the body (cohpression) or nut
(tension). The load path bypasses the orbit tube. The major thermal
resistance and load path during launch are now the launch tube. Upon
achieving orbit, the conical shoulder of the stem passively disconnects from
the body or nut. Side loads on the launch tube due to shield cooldown may or
may not engage the side-load resistance mechanism. If the side loads are
sufficient enough to engage the mechanism, the collar presses against the stem
and the filaments are elastically deformed to resist the load. The major
thermal resistance is then the thin-wall orbit tube and filaments. If the
side loads are not sufficient enough to engage the mechanism, the collar
remains isolated from the stem and the major thermal resistance is again the
thin-wall orbit tube.

This design combines the desirable features of a thermal disconnect during
ground hold and orbit with the high reliability of a completely passive
design. Since the struts do not short out in one-g, the orbital performance
of the struts can be demonstrated in one-g thermal qualification tests, and
the ground hold heat leak is lTower. These are both highly desirable
features. References 1, 2, 3, and 4 provide details of prior analyses,
design, fabrication, and stuctural and thermal test results.



Section 3
TASK 1 - PODS-IV DESIGN

3.1 DESIGN

Figure 3-1 shows the assembly drawing of the PODS-III support. Figures 3-2
and 3-3 show the two components (filament support ring and collar) required to
update the PODS-III support to a PODS-IV. The filament support ring was
increased from the three-tang concept shown in Ref. 3 to a six-tang. The
reasoning for this change will be discussed in Section 3.2.1, Figures 3-4
through 3-15 present the detail drawings of the remaining parts. The design
is identical to that recommended for flight struts except that the filament
support ring and nut should be combined into one part.

3.2 STRUCTURAL ANALYSIS

When a side load is applied to the launch tube, it displaces the nut radially
toward the stem, effectively decreasing the stem gap until shorting occurs.
The PODS-IV mechanism is designed to resist this motion while limiting the
increase in heat load through the support. The PODS-IV system includes a nut
with tangs, a collar, and filaments. Figure 3-16 shows the system schematic.
The collar slips over the stem with a set clearance. The filaments are wound
between the tangs and collar. The load is transmitted when the collar bears
on the stem, elastically deforming the filaments. The resulting strain places
the filaments in tension, resisting the displacement. The filament resistance
increases as displacement increases until stem shorting occurs. Filament
diameter size is determined by side load and heat load requirements. Filament
length is determined by strain limitations.
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TANG-COLLAR CONNECTION
EPOXY BONDS

TANG-TANG
CONNECTION
EPOXY BONDS

Fig. 3-16 PODS-IV Side-Load Mechanism
3.2.1 Structural Model

A computer model was developed to analyze the interaction of the filaments
when the PODS-IV mechanism shorts out. Since small angles and displacements
occur, tne code was written in double precision FORTRAN, minimizing angle
errors. Figure 3-17 and Tables 3-1 ana 3-2 show the properties used. The
model takes into account the shrinkage or elongation of the nut cold rod/stem
assembly during cooldown (Fig. 3-18). Side loads displace the nut with
respect to the collar-stem assembly, causing some of the filaments to
elastically deform. A three-tang system is shown in Fig. 3-19. Filament
angles are accounted for dependaing upon the bonding, component properties, and
displacements. Equalibrium is checked by summing the moments around the
collar and nut to zero and comparing the resultant filament force angle to the
displacement angle.
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Table 3-1 TYPICAL PROPERTIES OF FILAMENT

Graphite
Thornel 300
S-2 Glass WYP 30 1/0
Properties (Ref. 6) (Ref. 7)
Tensile Strength GN/m2 (ksi) 4.6 (665) 3.10 (450)
Tensile Modulus GN/m2
(106 psi) 87 (12.6) 230 (33.2)
Density g/cm3 (1b/in.3) 2.49 (0.090) | 1.77 (0.064)
Filament Diameter um (mil) 10 (0.39) 7 (0.28)
Minimum Bend Radius cm (in.) 0.01 (0.004 0.1 (0.04)

Table 3-2 COMPOSITE ELASTIC MODULUS VALUES GN/mZ (106 psi)

Temperature
Composite 300 K 77 K 20 K 4 K
Epoxy 2.4 (Ref. 7) 8.5 (Ref. 8)
(0.35) (1.24)

S-2 Glass 87

(Ref. 6) (12.6)
Graphite 230

(Thornel 300) (33)

(Ref. 7)

S$-2 Glass/Epoxy 54 54 54 54
élo-deg wind angle, (7.8) (7.8) (7.8) (7.8)

4 vol percent)

S-2 Glass/Epoxy 34 52 52 52
(30-deg wind angle, (5.0) (7.5) (7.5)* (7.5)*
64 vol percent) (Ref. 2)
Graphite/Epoxy 110 104 104 104
élS—de wind angle, (15.9) (15.1) | (15.1)* | (15.1)*
0 vol percent)

* Extrapolated

24




VOL.IWIND

MATERIAL § |JANGLE
(deg)
B — BORON/EPOXY 48 0

G - GRAPHITE/EPOXY | 60 15
C — CARBON (Ref. 6) - -
I = INVAR - -
S — S-2 GLASS/EPOXY | 64 30

+0.1

AL/L (%)

202 1 | |
: 0 100 200 300 400

TEMPERATURE (K)

F1g. 3-17 Comparison of Composite and Invar Thermal Expansion Values

NUT

Fig. 3-18 PODS-IV Cooldown
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Fig. 3-19 PODS-IV System Displacement Due to Load F

The model was first used to study a three-tang filament support system.
Nonuniform side-load resistance was determined to occur around the nut
perimeter. A six-tang model was then developed which demonstrated a more
uniform loading. Figure 3-20 compares the two systems.

Figure 3-20 also compares two six-tang systems using two different bonding
techniques: tang-to-collar and tang-to-tang. The tang-to-collar bonding
system bonds a filament that has been wrapped around the collar between two
adjacent tangs at the tangs and collar. The tang-to-tang system bonds the
filament only at the tangs and not at the collar. This effectively increases
the filament strand length while decreasing filament strain. Figure 3-6
illustrates these two bonding systems. The tang-to-collar system developed
larger side-load resistance than the tang-to-tang system due to the shorter
filament lengths that resulted in more filament strain. Due to the
uncertainty in how the epoxy-graphite bonds would behave under load, the
tang-to-tang system was chosen to test initially. However, both systems were
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(N) (ib)
30

COLLAR-STEM CAP = 0.0025-cm (0.001 In.)
SHORTING DISTANCE = 0.0132-cm (0.0052 In.)
FILAMENT PRELOAD = 2.78 N (0.625 Ib)

- \ 6-TANG,

20~ TANG-COLLAR

2
(=
!

3-TANG,

TANC-COLLAR
6-TANG,
TANG-TANG

o
(-]
T

10 00 o
b NUT (INVAR)
4.32-cm (1.7 In.)

270°

RESULTANT STRAND RESISTANCE

90° 270° 908 .
COLLAR (INVAR)

: GRAPHITE FILAMENTS - 0.0178-cm
180° . 180° (0.007-in.) DIA

ol o ] ] | L1 | i i ] ] ]
0 30 60 90 120 150 180 210 240 270 300 330 360

LOAD ANCLE (deg)

Fig. 3-20 Predicted Strand Resistance at Operating Temperature

compared, since the“tahg-to-tang system could behave like the tang-to-collar
due to filament-collar friction and we planned to test the tang-to-collar
bonded system if the first test was successful. (This was eventually done on
the PODS-IV side-load tests.) A filament size of 0.018 cm (0.007 in.) was
chosen to increase the orbital heat load by 10 percent for the 4.3-cm
(1.7-in.) ring used for testing.

3.2.2 Strain Limitations

Since the PODS-IV may short out due to larger side loads during vibrational
testing, the filaments must be able to elastically deform to the maximum
shorting distance without failure. Both graphite and graphite/epoxy filaments
were considered; however, as shown in Fig. 3-21, the strain is too great for
graphite/epoxy at these small nut diameters. Graphite/epoxy could be used if
the collar-stem gap was increased; however, as shown in Fig. 3-22, the
corresponding side-1oad resistance decreases even further and is not practical
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due to property and tolerance uncertainties. The graphite filaments were
chosen because of their larger strain tolerance. The main concern in using
these filaments is that they are epoxy bonded to the tangs, and it was
uncertain how the graphite/epoxy bonds would behave during loading or if the
epoxy would wick up the filaments, making them brittle and fail during shear
motion. Therefore, the tang-to-tang bonded system was chosen for test due to
the lower strain levels. Unfortunately, side-load resistance was also
reduced. Fiberglass filaments were also considered, but their lower modulus
and higher thermal conductivity below 40 K made them impractical for this
application. (The PODS-III support that was modified was designed for use at
SFHe temperatures and utilized a graphite/epoxy orbit tube that was predicted
to run between temperature boundaries of 2 and 40 K. The filaments would also
run between these two temperature boundaries.) However, at higher
temperatures where the thermal conductivity of fiberglass is lower than that
of graphite, fiberglass should be considered for both the filaments and the
orbit tube.

3.3 THERMAL ANALYSIS

During normal operation of the PODS support, the main heat resistance is
conduction through the graphite/epoxy orbit tube. The PODS-IV mechanism adds
to this heat load when engaged due to the parallel resistive connection of the

graphite filaments. The following relationship was used to evaluate the heat
load.

where

Req = Rruse R/ (Rryuge*R)

The resistance of the filaments was determined from

Re = L/ (12 Kg Ag)
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where

LF = effective filament length, tang to collar distance (cm)
Kg = filament conductivity (W/cm K)

Ap = filament conductive area (cn?)

The normal operating temperature of the orbit tube was assumed to be between a

hot temperature (TH) of 20 to 40 K and a cold temperature (Tc) of 2 K.
Conductivities were evaluated at average temperatures.

If heat load is the major concern, the filaments should be sized according to
their effect on heat load. It is desirable to keep this effect (increase) to
10 percent due to the efficiency of the disconnect mechanism. Figure 3-23
illustrates the filament size required for a given nut diameter to limit the
increase in heat load to 10 percent. )

Figure 3-24 shows the effect of filament size on heat load when side load
requirements drive the filament diameter above the 10 percent limit. This was
a worst case for an orbit-tube hot temperature of 40 K.

3.4 SIDE-LOAD RESISTANCE

In Ref. 3, a single PODS-III support was side-load tested at 290 K and at an
jnclination angle of 45 deg. Figure 3-25 presents the data for this support.
A modified PODS-III nut had an outer diameter of 4.3 c¢m (1.7 in.). A
collar-stem gap of 0.0025 cm (0.001 in.) was selected to yield the largest
side-load resistance. The filaments were selected to be 0.018 cm (0.007 in.)
for a 10 percent increase in heat load over the PODS-III design. The
predicted side-load resistances for this support are also shown in Fig. 3-25.

Usually, side-load resistance will determine PODS-IV use and therefore
determine filament diameter size. Figure 3-26 was produced to help determine
filament size and the effect on support heat load for various side-load
requirements. ’
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Section 4
TASK 2 - FABRICATION

4.1 PODS-IV COMPONENTS

A filament support ring and two collars were machined out of invar and coated
with pure gold per the Sel-Hex Temperex HD coating process to lower radiation
emissivity and prevent rusting. This process was different than the process
used on PODS-III (BDT 510) due to the decomposition of the BDT 510 bath. The
difference in the processes is that the gold in the BDT 510 bath contained a
trace of arsenic. The pure gold coating was slightly duller than the BDT
coating. For flight hardware, the BDT 510 bath should be reconditioned and
used to provide better surface emissivity.

The filaments were sized by hand from a spool of "Thornel" 3000 filament/tow
carbon fiber (WYP 30 1/0). The strands were separated into lengths of
approximately 76.2 cm (30.0 in.) and weighed to obtain the desired number of
fibers. The strands were then coated with a Sprayon 2000 clear acrylic to
keep the strands from fraying. The strands were then twisted into a filament
bundle. Some of the fibers broke during separation because of the hair-like
nature of the fibers and the woven nature of the 3000 Thornel. Diameter
uniformity throughout the length was not certain. Measured filament diameters
ranged from 0.0076 cm (0.003 1n.) to 0.0127 cm (0.005 in). The desired
diameter for a 10 percent increase in heat rate was 0.0178 cm (0.007 in.).
The reason for this difference is not known except for the possibility that
some of the fibers were lost between the weighing and twisting stage due to
fraying of the fibers. Also, there was difficulty in measuring the filament
diameter because of fraying and the lack of fiber resistance to deformation
caused by the micrometer measuring surfaces. This technique was necessary
since the fibers could not be ordered for the desired size in a reasonable
time or quantity. Once the filament was twisted, it was cut into six equal
lengths and formed
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into 3.8-cm (1.5-in.) ID Toops. The loop ends were both tied and epoxy bonded
with "blue death" (Epibond 1210 A Resin and 9615-10 Hardener).

4,2 FILAMENT ASSEMBLY

The filaments are wound around the collar and tangs in the filament assembly
stand (Fig. 4-1). The stand is a whiffle-tree arrangement of pulleys, ball
joints, and sliders that is designed to hold an assembled PODS and load all
the filaments equally. Figure 4-2 shows the schematic of the system. Load is
applied to the system through a wheel and drive screw which is connected to a
load cell. The load cell (Fig. 4-3) is used to determine the amount of total
load applied to the system. When load is applied to the system, it is
transmitted through the load cell to a string that is looped around a pin and
free to slide (Fig. 4-4). One end of the string is attached to a half-disc
with a verticle rod. The other end of the string is attached to a triangular
plate with a ball joint in the center. This plate is able to pivot and slide
on the verticle rod. The other end of the rod is connected to another
triangular plate with a ball joint that is free to pivot on the rod.

Both masses at each end of the string were balanced. Strings are hung from
each corner of the plates and are attached to the top of a series of two
blocks (Fig. 4-5). These blocks slide on two pins that are fixed into the
assembly stand. The top block has one pulley, while the bottom contains two.
The filaments are looped around the collar and tangs, up between the bottom
two pulleys, and over the top pulley. The two blocks are connected together
with an adjustment screw. This is used to remove any slack in the filaments
when the pulleys are lined up between the tangs of the nut. As shown in

Fig. 4-2, the actual load to the filaments is one-twelfth of the total load.

The filament loops are wrapped around the collar and tangs in a criss-cross
pattern to balance the loading on the collar. The tangs are precoated with
blue death epoxy to electrically insulate the nut from the collar. Once the
loops have been installed and the assembly stand adjusted to remove slack,
load is applied. For the nut-collar test specimen, this value was 11.1 N
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Filament Assembly Stand

4-1

Fig
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Fig: 4-5 Filament Assembly

(2.5 1b). This was later changed to 33.4 N (7.5 1b) for the assembled PODS to
stretch the strings and better load the filaments. (On the first test
specimen, the applied load kept dropping off until the system was fully
stretched and all the minute kinks had been worked out.) Possible stem
shorting is checked by an ohmmeter measurement between the stem and the launch
tube body. Once the system has stabilized and both triangular plates are
balanced horizontal, blue death epoxy is applied to the tangs. The epoxy is
allowed to cure for 24 h before load is removed and the filaments are trimmed,

completing the wrap.

4.3 NUT/COLLAR ASSEMBLY

The above procedure was used to assemble the initial nut-collar test specimen
except for the initial coat of epoxy on the tangs. This was not done because

shorting was not a concern on this assembly, only relative displacement and
load characteristics. Figure 4-6 shows the assembly. The filaments varied
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from 0.0076 cm (0.003 in.) to 0.0127 cm (0.005 in.) in diameter. This
variation was again due to the separation of the fibers and difficulty in
measuring the filaments which tended to fray when touched. The filament
support ring was pressed on to the nut prior to filament wrapping and screwed
on to the strut from which it was removed (strut 4, Ref. 3).

4.4 STRUT ASSEMBLY

PODS-III support 4 was supposed to be used for this assembly, but it was
damaged when it was disassembled and inspected during testing described in
Ref. 3. This damage caused the support axial load gap offset to be
misaligned. This could not be corrected without disassembling the entire
strut and rebuilding it.

Another support (strut 2) was chosen for its average values obtained during
Ref. 3 testing. This support was modified to the PODS-IV configuration by
pressing the filament support ring onto the nut and assembling the filaments
according to the procedures in Sections 4.1 and 4.2. Figure 4-7 shows the
assembled strut. Figure 4-8 shows the side-load mechanism.
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FILAMENT:

Fig. 4-6 Nut/Collar Assembly

Fig. 4-7 PODS-1V Support

40



Fig. 4-8 PODS-IV Side-Load Mechanism
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Section 5
TASK 3 TESTING

5.1 TEST ARTICLES

Four test specimens were assembled: a single nut/collar assembly and three
PODS-IV supports. The nut/collar specimen was assembled using 700-fiber
filaments that were hand separated from a 3000-fiber filament and used the
tang-to-tang bonding technique. This specimen was used in the load-deflection
tests and the ultimate test. The first strut was also assembled with
700-fiber, hand-separated filaments and tang-to-tang bonded. The first strut
was modified after initial side-load tests to the tang-to-collar bonded system
by bonding the filaments to the collar. After side-load testing of this
strut, the filaments were cut and replaced with manufacturer-supplied
1000-fiber (1-K) filaments that were also tang-to-collar bonded and side-load
resistance tested. The nut/collar, load-deflection tests and the ultimate
test were not conducted for the last two configurations due to time
constraints and the fact that the 1-K fiber was not available until the end of
strut testing. This was unfortunate, because the 1-K strut dramatically
increased the side-load resistance (> 1440 percent) over the PODS-III strut
and over the hand-separated, 700-fiber PODS-IV assemblies.

5.2 NUT/COLLAR TESTING

Load-deflection tests were performed on a nut/collar assembly at room
temperature. A single ultimate test was conducted at liquid-nitrogen
temperatures.

5.2.1 Test Article and Setup

Figure 4-6 shows the nut/collar assembly. The assembly was installed into the
load test setup shown in Fig. 5-1 to measure load as a function of
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displacement. A linear deflectometer was instalied on the drive shaft and was
referenced to the test stand to measure relative displacement of the nut. A
DC motor applied the load to cause displacement. This load was measured with
a load cell.

Figure 5-2 shows ‘the nut/collar assembly and the hex holder. A brass pin
slides through the collar and is supported at each end by two riqid bars. It
is held in place by two set screws. The collar and tangs are centered to the
drive shaft and held in place with a large set screw.

The same test setup was used to conduct the ultimate stress test on the
assembly. The dewar shown in Fig. 5-3 was used to submerge the assembly and
adjoining parts in liquid nitrogen.

DRIVE SHAFT ,

HEX HOLDER ; B 3
, A W RIGID BAR

NUT/COLLAR
ASSEMBLY

BRASS PIN

SET SCREWS—ﬂ\\\

§

Fig. 5-2 Nut/Collar Assembly in Hex Holder
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5.2.2 Nut/Collar Test Procedure

The nut/collar assembly is placed in the hex holder, and the entire assembly
is screwed on to the drive shaft. The brass pin is inserted into the collar
which is supported by two rigid bars and held in place by two set screws. The
collar and tangs are centered to the drive shaft and held with a large set
screw. The no-load position is established, and the load and deflection
scales are calibrated. The motor is engaged, and the drive shaft moves the
nut with respect to the collar. Both force and deflection are recorded. The
nut is displaced a maximum of 0.030 cm (0.012 in.). The motor is then
reversed, and the nut is moved in the opposite direction, back through the
no-load position, to a maximum of 0.030 cm (0.012 in.). The motor is then
reversed again and stopped at the no-load position. The test is then repeated
12 times at 30-deg increments around the circumference of the nut. '

Once the load-deflection tests are complete, the entire nut/collar assembly
and holder is lowered into the dewar. Liquid nitrogen is poured in, covering
the assembly. The no-load position is established, and the force and
deflection scales are set. The motor is engaged, and the drive shaft moves
the nut with respect to the collar. Both force and deflection are recorded
until failure occurs.

5.2.3 Nut/Collar Test Results

Appendix A presents the force-deflection curves. Table 5-1 lists the data.
The load varies quite a bit, 80 percent to 48 percent from 0.0025 cm

(0.001 in.) to 0.0152 cm (0.006 in.) of nut deflection. The reason for the
variation is not readily known, since the variation occurs even at the same
positions. The collar slipped (turned) during testing and may have changed
the conditions from test to test by straining the strands differently. The
mean average of the data is shown in Fig. 5-4 compared to the range predicted
by the computer model. (The range of values was used, since the diameter was
not accurately determined.) The assembly appears to behave similarly to the
tang-to-collar system between 4 and 6 mils, possibly due to filament-collar
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Fig. 5-4 Filament Load Versus Displacement Results (290 K)

friction. At the position 330 deg around the nut, a failure in one of the
epoxy-tang joints occurred. Inspection of the joint indicated that the epoxy
did not adhere to the tang, possibly due to the surface smoothness. No
indication of epoxy-graphite or other bond failure was noticed.

The nut/collar assembly was positioned in the holder to place the broken
filament in compression and negate its affect on the system. The
force-displacement data are also shown in Appendix A, The filaments failed at
20.32 kg (44.8 1b) and a deflection of 0.0569 cm (0.0224 in.). The first 6
mils of the load-deflection curve are shown in Fig. 5-5 compared to the
computer model range. Preload drops off due to contraction of the invar
nut/ring assembly which is shown by the curves being displaced to the right.
The curve effectively represents a stress-strain curve for the system and
shows that the slope is nonlinear for the first 4 mils of deflection.

Figure 5-4 showed a similar nonlinearity. Perhaps there was some slack in the
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filaments from only loading the filament assembly to 11.1 N (2.5 1b). The
assembly load was increased to 33.4 N (7.5 1b) for the strut assembly.

5.3 SINGLE STRUT SIDE-LOAD TESTING

A complete PODS-IV was assembled from PODS-III strut 2. Sections 4.1 and 4.2
describe the procedure for wrapping the filaments. An axial load gap offset

of 0.020 cm (0.008 in.) and a collar-stem gap of 0.0025 cm (0.001 in.) were
used. The strut is 59.07 cm (23.256 in.) long from center to center of the
rod end fittings and was tested on the same test setup used in Ref. 3.

5.3.1 Side-Load Tests
Vapor-cooled shields attached to the struts plus installed multilayer

insulation (MLI) place side loads on the struts in l-g. The side-load tests
determine the maximum loads that can be tolerated as a function of load
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(inclination) angle and location without shorting out the strut on the
ground. In orbit, weight is no longer a factor.

5.3.2 Test Setup

The length adjustment bar (Fig. 5-6) supports the strut for these tests. The
invar bar has two 0.64-cm (0.250-in.) diameter press fit pins located 59.07 cm
(23.256 in.) apart that slip into the rod end fittings. The bar is supported

off a plate at 0 (horizontal), 15, 30, 45, 60, and 75 deg as shown in

Fig. 5-7. Figure 5-8 shows the setup with strut supported. Weights are hung
on the strut at different locations (including lead shot for fine weight
adjustment) until the PODS-1V mechanism shorts as determined by an ohmmeter
measurement between the body and stem. Figure 5-9 shows a close-up of the
mechanism. The strut can be rotated so that the shorting loads are measured
at 30-deg increments around the circumference to determine how well the collar
is centered between the body and nut and how uniformly the strands are loaded.

5.3.3 Single Strut Test Results

Table 5-2 presents the test results and compares them to the results obtained
in Ref. 3. The shorting measurements around the circumference with the

50



-——————

LOCATION —»

59.07

(23.256)

35.43

(13.95)

—_— ™ SECTOR

TOP

‘IQPFP END)

ANGLE, 6
75
50 CLAMP
45
30
1
)
L LEAD SHOT
WEIGHT

Fig. 5-7 Side-Load Test Setup
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Fig. 5-8 Test Setup With PODS-IV Installed

Fig. 5-9 PODS-IV Support Side-Load Mechanism
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support horizontal had a standard deviation variation of +17 percent to
19 percent, indicating that the increase in assembly load helped to equally
load the filaments.

Figure 5-10 plots the effects of load location and inclination angle. The
PODS-III single strut data are also plotted. The filaments effectively
increased the side-load resistance by 68 percent over the PODS-III design in
the tang-to-tang system. The increase was 152 percent for the tang-to-collar
bonding. The equations in Fig. 5-10 give the strut angle and length
relationships. The empirical constants will change with load gap setting,
stem angle, filament dimensions, and graphite tube dimensions and properties.

Since the filament diameter was not known due to the difficulty in measuring
the filaments and the uncertainties in the separation process, the data were
compared to a range of model values shown in Fig. 5-11. The data appear to
fall between 0.0076 cm (0.003 in.) and 0.0102 cm (0.004 in.). The measured
values obtained were between 0.0076 cm (0.003 in.) and 0.0127 cm (0.005 in.).

The data for an inclination angle of 45 deg was also compared in Fig. 5-12 to
a six-strut system tested in Ref. 3. The equations in Fig. 5-10 were
multiplied by 6 to approximate a six-strut system. Curves were also produced
for normal support operation by scaling the data according to the change in
load gap setting from 290 K down to 2 K.

The support was also wrapped with 1-K, 0.0218-cm (0.0086-in.) diameter
filaments that were used as supplied by the manufacturer. Since this filament
was not available until the end of testing, it was not used in the previous
load-deflection and ultimate tests. The filaments were epoxy bonded between
the tangs and collar. The strut was side-loaded in the horizontal position up
to 27.2 kg (60.0 1b) at location A with no shorting. The strut was placed in
tension during the horizontal side-load test to even out the two gaps on each
side of the stem to simulate actual operating conditions between 20-40 K.
Since one end of the strut has left-handed threads and the other right-handed,
the strut was placed in tension by turning the fiberglass launch tube after
the strut was positioned in the test fixture between the two fixed pins of the
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Fig. 5-10 Shorting Side Loads as a Function of Location and Angle
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Fig. 5-11 Shorting Side-Load Model-Data Comparison

length adjustment bar. This caused the graphite/epoxy orbit tube to elongate
and increase the limiting disconnect gap. The strut was side-loaded in this
position to 27.2 kg (60.0 1b) at location A with no shorting. The test was
stopped at this point due to safety concerns over the deflection of the
fiberglass launch tube.

The support was checked by applying force directly over the filaments and
electrically shorting it out. The side-load test was repeated around the nut
circumference at location A with no shorting observed up to 27.2 kg

(60.0 1b). Repeated checking of the support confirmed that the strut would
short out if the nut was displaced. The filaments were not adversely affected
by this displacement. The increase in side-load resistance was > 1440 percent
over the PODS-III design. The predicted increase in support conductance is

15 percent. This > 1440 percent increase represents a major advance over the
PODS-III support, not only in side-load resistance but also in design, since
the increase largely removes the maximum length criterion of the graphite/
epoxy orbit tube that was established due to PODS-III side-load limitations.
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57



Section 6
CONCLUSIONS AND RECOMMENDATIONS

6.1 CONCLUSIONS

Load-deflection tests on a PODS-IV nut/collar assembly established the ability
of the graphite filaments to elastically deform over the shorting gap range.
Uniform loading was not conclusively established because of collar slippage
caused by filament-collar friction.

Load-deflection tests on a PODS-IV nut/collar assembly established the ability
of the graphite filaments to elastically deform over the shorting gap range.
Uniform loading was not conclusively established due to collar slippage caused
by filament-collar friction.

Side-load tests were done on three assembled PODS-IV supports.

Circumferential loading of the first support verified the adequacy of the
whiffle-tree assembly and the six-tang design to provide uniform load
resistance. Resistance to side-loads was increased 68 percent (tang-to-tang
bonding) to 152 percent (tang-to-collar bonding) over the PODS-IIT design,
with only marginal predicted increase in support conductance by using
hand-separated 700-fibef filaments from supplied 3000-fiber strands. A larger
side-10ad resistance can be realized by eliminating fiber damage during
separation.

A >1440-percent increase in side-load resistance was obtained (using a
standard 1000-fiber filament from the supplier) on a strut that was tensioned
to simulate orbital conditions. Unfortunately, this fiber bundle was obtained
at the end of the test program and was not available for the initial
load-deflection and ultimate load tests. A 15-percent increase in support
conductance is predicted for this strut if the orbital tube length is kept the
same. This >1440-percent increase represents a major advance over the
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PODS-111 sbpport, not only in side-load resistance but also in design, since
the increase largely rembves the maximum length criterion of the
graphite/epoxy orbit tube that was established due to PODS-III side-load
limitations. Consequently, the total conductance of a PODS-IV design can
actually be lower than PODS-III, due to the higher resistance of the longer
orbit tube.

6.2 RECOMMENDATIONS

The following recommendations resulted from this test program:

1.

2.

Use the PODS-IV design concept shown in Section 3 if the PODS-111
side-1oad shorting capacity is inadequate.

Modify the PODS-IV concept by epoxy-bonding the filaments to the
collar to generate higher filament strains and corresponding '
side-load resistance. This can also be accomplished by increasing
assembly filament preload.

Use the assembly procedure specified in Section 4.2 to assemble the
PODS-1IV mechanism.

Use standard fiber bundles from suppliers; separation of fibers
appears to damage and lower fiber strength.

Since the 1000-fiber filament was only available at the end of
testing, repeat series of nut/collar load-deflection tests using the
fiber to better characterize mechanism performance.
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Appendix A
LOAD-DEFLECTION TEST RESULTS

The load-deflection plots given here are test data from Section 5.1. The
curves are labeled according to angle position and refer to Table 5-1. The
loads were recorded up to + 12 mils from the zero datum. Abrupt changes in
slope represent collar-stem slippage and corresponding ease in filament strain.
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